The technological process of exploitation of mineral resources and processing of mined ores to cater to the market results, among other things, in a large amount of tailings deposed on tailing ponds. Because of the chemical composition of the material, the increasing amount of waste, and the mismanagement of recovery and reclamation of ponds, these ponds have become a significant element of negative impact on the surrounding ecosystem. Economics was behind the discharging of this material, resulting in tailing ponds created in inappropriate areas. There is an ongoing process of depositing tailings on old tailing ponds, although no special attention has been paid to the subsequent effect on the environment. Application of intelligent multi-criteria analysis AHP and PROMETHEE has been performed in this paper for the purpose of ranking the degree of negative impact on the environment of tailing ponds. Analysis is performed for five tailing ponds of MMCC (Mining Metallurgy Chemical Combine) "Trepča", whereby two of the ponds are active and three inactive. The ponds are in relatively close proximity to the municipalities of Zvečan and Kosovska Mitrovica, to the north of Kosovo and Metohija, Republic of Serbia. In order to achieve the most objective results, the AHP and PROMETHEE methods were applied. By using these methods for calculations, the following ranking for the flotation tailing waste deposits was obtained, regarding their environmental impact: Žitkovac, Tvrdanski Do, Bostanište, Gornje Polje and Žarkov Potok. This result can contribute to the decision-making process of a prioritizing strategy for rehabilitation and remediation of these five flotation tailings. The analysis illustrates that application of intelligent multi-criteria analysis is a useful environmental management tool to be included in the decision-making process.
Introduction
Mining presents a significant element of economic development in every state. It is also known that the biggest environmental pollutant is the mining sector [1] . Mining is followed by a mass production of waste in the form of tailing on tailing ponds. They are often formed in areas which have other potential (agriculture, water supply, urban areas, water flows, etc.). In general, all material left after the extraction of minerals or after the process of exploitation is waste, which when dumped on the deposit spot creates the tailing pond [2] .
Vast areas are covered with mining tailings. For example, amounts of waste from mining in EU countries are around 400 Mt, and tailing waste is approximately 29% of total waste produced [3] . The landscape where the tailings are situated is the Ibar River's alluvial plain [12] . Since the tailing deposits have not been rehabilitated, the material from the deposits have scattered over the years in the environment through the aeolian process, gravity and water flows. Tailing material from the analyzed deposits shows permanent toxic pollution of water and agricultural land [13] . All atmospheric water and waters from tailing ponds are released into the Ibar River through drainage systems in the tailings. The water bodies from the area as well as those from remote areas are highly endangered by the leaching contamination from the tailings. The characteristics of the analyzed flotation tailing waste deposits are shown in Table 1 . Flotation tailing pond Žarkov Potok is an active landfill site only 2 km northeast from Kosovska Mitrovica, in the basin of Žarkov Potok, right next to the Ibar River. It was formed in 1975 and contains tailings from flotation Prvi Tunel. The space for deposition was constructed by building a dam 87 m high and with a predicted capacity of 8.2 million cubic meters of tailings. Material from flotation to the tailing pond is transported through a hydraulic tunnel. The tailing pond is in the central part of the landfill. Reclamation of the landfill was never undertaken, so when there is windy weather, the effect of dust lifting occurs. There are two channels for drainage of atmospheric waters from the landfill, which are about 100 m and 200 m from the dam and which stop the breakthrough of water towards the dam and its erosion. The composition of the waste is changeable; depending on weather, there is separation of pyrite and pyrrhotite for sulphuric acid production. Cleared water Flotation tailing pond Žarkov Potok is an active landfill site only 2 km northeast from Kosovska Mitrovica, in the basin of Žarkov Potok, right next to the Ibar River. It was formed in 1975 and contains tailings from flotation Prvi Tunel. The space for deposition was constructed by building a dam 87 m high and with a predicted capacity of 8.2 million cubic meters of tailings. Material from flotation to the tailing pond is transported through a hydraulic tunnel. The tailing pond is in the central part of the landfill. Reclamation of the landfill was never undertaken, so when there is windy weather, the effect of dust lifting occurs. There are two channels for drainage of atmospheric waters from the landfill, which are about 100 m and 200 m from the dam and which stop the breakthrough of water towards the dam and its erosion. The composition of the waste is changeable; depending on weather, there is separation of pyrite and pyrrhotite for sulphuric acid production. Cleared water from the tailing pond of the landfill through collectors was placed there when the landfill was constructed, releasing waste into the Ibar River. The tailings are still not managed properly [11] .
Flotation landfill Gornje Polje (Figure 2a) is placed on the Ibar River bank, on the part of the terrain between Kosovska Mitrovica and Zvečan. On this landfill, flotation tailings from flotation in Zvečan have been deposed since the operation started in 1930 and lasted until it was closed in 1983.
It is approximately 50 ha, and around 12 million cubic meters of tailings lie there. On the northern part of the landfill, tailings from the lead smelter have been disposed for a long time, so the landfill has taken on the form of a cone. Deep cuts have been created as a result of erosion on both sides of the dam, through which comes discharge of atmospheric waters from the landfill directly into the Ibar. Deposed flotation tailing is in general oxidized and solid [1] .
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Landfill Bostanište (Figure 2b ) is south of the landfill Tvrdanski Do and they are practically one landfill as the north part of the dam of the Bostanište landfill leans on the end of the dam of the older Tvrdanski Do landfill. Most of the Bostanište landfill is comprised of1 km along Ibar River's bank. It is characterized by the steep slopes of the dam and has surfaces covered with sand; part of the slopes are oxidized tailings with deep erosive cuts. Remediation of the landfill has not been done and there is no plant cover, which causes rising dust, endangering the Leposavić settlement and surrounding villages. The landfill surface is cracked as a result of lack of water. Between landfill dam and the Ibar is a tree line with ground vegetation. Steep slopes of the landfill ravine are present as a result of erosion. Drainage of atmospheric waters, fallen off the surface of the landfill, is done by drainage pipes from main collectors on peripheral parts of the tailings.
The chemical composition of the tailing waste is shown for the flotation tailing waste Gornje Polje. The chemical composition is analyzed by the atomic absorption spectroscopy (AAS) method and the distribution maps are determined by scanning electron microscopy (SEM). The obtained results are presented in the Table 2 [14] . Mineralogy composition is determined by using X-ray diffractometry whereby the presence of quartz ankerite, pyrite and clay minerals are recorded. The chemical and mineralogy compositions for the water of four tailing waste deposits are similar [15] . Table 2 . Chemical composition of the tailing waste deposits of Gornje Polje [16] . [17] .
The heavy metal concentration in the top soil was examined in the area of the flotation tailing waste of Bostanište. The sampling was done to the north and the southeast of the deposit. In the northern direction, the top soil sampling was performed in the distances from the deposit of: 300 m, 600 m, and 800 m; in the southeastern direction, the distance range was 150 m, 250 m, 350 m and 1400 m. The analyses were conducted for the following heavy metals: Mo, Zr, Sr, Rb, Pb, Se, As, Hg, Zn, Cu, Mi, Co, Fe, Mn, Cr, Cd. Heavy metal concentration in the top soil in the area of Bostanište and their limited values according to the administrative decision on the soil quality (RS Official Gazette, No. 88/2010) [18] , are shown in Table 3 .
The mineral processing in MMCC "Trepča" is a metal concentration process. The ore is crushed, then milled to the average size of 0.1 mm in grain diameter. The grain-size distribution is of vital interest for the environmental impact assessment of the tailings. Based on the grain-size distribution investigation, done for the tailing waste Bostanište, the particles are sized between 0.1 mm and 0.2 mm diameter [19] . These results point to the fact that the particles can be driven by the wind and water in both the close and remote sampled distances. 
Materials and Methods

Tailing Ponds
The waste tailings from processing of flotation of metallic mineral ores are by-products of MMCC "Trepča" mining activities. Keeping in mind the topic of this paper-the physical and chemical characteristics of deposed material and the fact that tailings have not been remediated-the basic intention was to choose and apply a method with a high level of quality that combines and allows analysis of multiple elements. The method for ranking the effect of tailings on the surrounding ecosystem had to fulfil the following criteria: it should be in compliance with the concept of sustainable development; it should be in compliance with different cultural, social and organizational frameworks; it should be applicable to large and small companies and for large and small-scale environmental pollutants. It was thus decided that the ranking of five current tailing ponds should be done by multi-criteria analysis.
Field work and analysis of flotation tailings and surroundings was undertaken as part of the preparation. Data collection and analysis of documentation and published papers addressing the problem were done. The mapping of five tailings with waste from the flotation process is done through terrain research for: Žarkov Potok, Gornje Polje, Žitkovac, Tvrdanski Do and Bostanište. All five tailings are in an environment with agricultural, urban, recreational, cultural and other potential. All are in close proximity to water streams or on the banks of the Ibar. It should be noted that, besides problematic ownership, lack of data about the current conditions of the landfill, characteristics of the deposed material and environmental impact assessment analyses is also a concern.
Important environmental aspects (air, water, soil), character of deposed material (chemical, quantities and other), elements with special value in their environments (natural rarities, archaeological and religious sites, etc.), technical and sociological aspects as well as many others are included in the assessment of the tailing ponds' impact on the surrounding ecosystem.
Statistical Analysis
One of the advantages of MCA is its ability to help the researcher overcome doubts and problems in a consistent manner. Complexity of data in MCA is reflected in the large amount of data, different measuring units of some parameters, and different scales used to analyze the problem. These methods
do not replace the decision-making process, but can contribute to understanding the deliberated multi-criteria problem [20] .
The criteria selection for assessment is an important and very complex step, determining the final results of the MCA. The set criteria estimation result essentially depends on their weight factors. For coupling the weight factor to the selected criterion, it the mixed approach was applied, using subjective and objective methods in order to achieve final integrated weight factors [20] . The analyzed criteria for all five flotation tailings are shown in Table 4 . In order to ascertain the impact ranking of tailing on the local environment, AHP (Analytic Hierarchy Process) and PROMETHEE (Preference Ranking Organization Method for Enrichment Evaluation) are used in this paper. The consideration and description of these two methods from a mathematical aspect is presented briefly considering that these methods are explained in detail in numerous papers [21] .
The AHP method is applied for analysis of the decision-making process and solving complex problems, utilizing elements of targets, criteria, sub-criteria and alternatives [22] . The most common application of the AHP method is a result of its ability to identify and analyze inconsistency of the decision makers in the process of validating the hierarchical elements. The variability of this method can be seen in the ability to measure mistakes in the decision-making process, by calculation of the consistency rate. In the papers of Saaty (1986), Alphonce (1997), Harker and Vargas [23] [24] [25] the axios for establishing AHP were defined. This method breaks down the complex problems into hierarchy and mutual comparison of their elements. The objective of the investigation is placed at the top of the hierarchy and is not compared with any other elements. On the first level, the criteria are mutually compared in pairs in relation with the first upper tier of the hierarchy Table 5 . On the last level of hierarchy, the alternatives are compared in relation to each criterion separately. 
The basic results of the AHP method are weight criterion rate (W). The weight coefficients are calculated for each element at a certain level. The techniques for the weight coefficient vectors W recommended by Saaty include summarizing the comparison results' matrix rows and normalization of the obtained sums, according to the Equation (2):
The errors in the process of adding values to the elements in coupling comparison are determined by consistency rate (CR) calculation. In order to calculate the CR, the consistency index (CI) should be calculated according to Equation (3):
where λ max is maximum value of the evaluation matrix. The closer λ max is to the number of alternatives (n), the less inconsistency there is. λ max is calculated by Equation (4):
By putting λ max from Equation (3) in Equation (4), the CI is determined. Consistency rate (CR) is the ratio of the consistency index (CI) and random index (RI), according to Equation (5):
Random index (RI) depends on the matrix row, and is taken from Table 6 , in which the first row is compared to the matrix row, and the second row is composed of RI. If the consistency rate (CR) is less than 0.1, the result is consistent and there is no need for changes and calculation repetition. If the consistency rate is higher than 0.1, the result is considered inconsistent and a partial or complete correction of results, by repeating the double comparison and achieving a satisfactory consistency rate, is needed.
The PROMETHEE method is one of the most important in the field of multi-criteria analysis. This method finds its application in different industrial sectors (mining, chemistry, ecology, medicine, etc.). This allows complete ranking of the alternatives. The method was developed by Jean-Pierre Brans (1982) [26] , in two basic versions: PROMETHEE I, a method of partial ranking the alternatives; and PROMETHEE II, a method for complete or combined ranking of alternatives. The most important advantages of this method are its simplicity and that the parameters used have an explanation and meaning. Following elements of ranking are completely eliminated [27] . This method relies on qualitative and quantitative data for each criterion and alternative. The PROMETHEE method introduces preference function P(a,b) for alternatives, a and b, which are valued by function criterion. Alternative a is better than b according to criterion f if f(a) < f(b) [27] . The value of the preference function is within the interval [0, 1], i.e., higher preference is presented by higher function value and vice versa.
The preference function is defined as:
In this case, the following combinations of the function of preference are possible:
After that it can be concluded that there are the following two features of the preference function:
The basic precondition of the functioning of PROMETHEE is to define the general set of criteria for each individual criterion k(a). There are six types of the general criteria. In creation of the specific model for each type of general criterion, the parameters must be determined. In the next section, the presentations of each individual parameter are given. For the shorter text, the sign d is involved, d = f(a) − f(b). According to Brans and Mareschal (1984) [28] , there are six types of preference function:
Criterion with linear preference and domain of indifference
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For the multi-criteria analysis method, PROMETHEE involves preference streams:
In general, the higher φ + j , Alternative a j dominates over the other alternatives in the. The higher φ − j , than the other alternatives, however, means further domination over another alternative a j in the system of alternatives. As a measure for multi-criteria evaluation, the PROMETHEE II involves absolute flow:
. . , J where j is the number of alternative.
In the analysis conducted in this paper for the PROMETHEE method, the commercial software Visual PROMETHEE 1.4 Academic Edition [29] was used. The PROMETHEE method does not provide us the opportunity to analyze decision making on simpler parts compared to AHP. In cases of a bigger number of criteria, this method makes it harder to come to a conclusion for the analyzed problem [30] .
For a more complete graphic presentation of the results obtained by the PROMETHEE method, the GAIA plan (Geometrical Analysis for Interactive Assistance) was used from the software Visual PROMETHEE 1.4 Academic Edition [29] . The basic purpose of this application is better visual presentation of the multi-criteria analysis. In the frame of the GAIA plan, some information can be lost after the projection. Based on the main components, the presentation is defined by two vectors, responding to the basic flow of one criterion. Although GAIA includes some percentage of total information, it does not provide strong graphic support.
Results
Comparing the influence of certain criteria to the environment was based on relevant data obtained in the field. In Table 1 , analyzed criteria which were used as input data for matrix formatting and quantification for coupled comparison of criteria according to the Saaty scale are presented (Table 7) . Those data are than included into the calculations by AHP and PROMETHEE methods, by common steps in calculation process. Based on results of the calculation done by AHP and PROMETHEE methods, final alternative rank was given-tailing ponds according to the their negative impact to the environment.
Matrix with double comparison is formed by AHP method based on previously set criteria (Table 7) . Weight coefficients for each criteria are calculated by mutual comparison and based on Saaty's scale (Table 5) . Criteria are being added values by direct and inverted procedure in span from 1 to 9.
By valuing each criterion, coefficient weight of criteria was gained and are shown in Table 8 . For the purpose of control of gained results, calculations of the CR are done. Results obtained confirmed that decision is consistent because its value is less than 0.1, or its value is 0.082062 (Table 8) . For individual criteria, weight coefficient values, consistency index (CI) and consistency rate (CR) for all five tailings were obtained by the APH method (Table 9) . For criterion C1, the distance of water supply sources, the tailing A3 Žitkovac 0.4740 has the greatest value of weight coefficient, and A4 Tvrdanski Do 0.0715 has the minimum value. For criterion C2, vicinity of settlement, A5 Tvrdanski Do 0.4041 hasthe greatest value of weight coefficient, and A1 Žarkov Potok 0.05546 has the minimum value. For criterion C3-the vicinity of agricultural environments-tailing A4 Tvrdanski Do 0.30954 has the greatest value of weight coefficient, and A1 Žarkov Potok 0.0373 has the minimum value. For criterion C4-the vicinity of water stream-the tailing A4 Tvrdanski Do 0.3107 has the greatest value of weight coefficient and A1 Žarkov Potok 0.0837 has the minimum value. For criterion C5-the amount of deposited material-A2 Gornje Polje 0.4851 has the greatest value of weight coefficient, and A4 Tvrdanski Do 0.0420 has the minimum value. For criterion C6-the existence of torrential watercourses, the greatest value of weight coefficient has the tailing A2 Gornje Polje 0.4285, while the remaining tailings have the same value, 0.1428. For criterion C7, tailing activity, A1 Žarkov Potok and A5 Bostanište 0.3636 both have the greatest value of weight coefficient and the value of the remaining three tailings is 0.0909. For criterion C8, geology, all tailings have identical weight coefficient which is 0.2. For criterion C9, general slope of a region, A4 Tvrdanski Do and A5 Bostanište 0.2889 have the greatest value of weight coefficient, and the A2 Gornje Polje 0.0723 has the minimum value. For criterion C10-maintenance of tailings-all five tailings have identical value which is 0.2. According to the conducted estimation with the application of the AHP method, the criterion C1, distance from the source of water supply, 0.2143, has the greatest value of weight coefficient and the criterion C10-maintenance of tailings, 0.0162-has the minimum value.
Alternatives have been evaluated and a quantified matrix of decision making has been formed (Table 10 ) by application of the PROMETHEE method for evaluation of environmental influence of tailing ponds. In this process, certain criteria have a quantitative structure, while others are qualitative. Consequently, certain criteria (C1, C2, C3, C4, C5, C8, C9) are stated quantitatively, while others are stated qualitatively. The application of qualitative and quantitative scales provides confidence that all criteria are well arranged in the best manner possible. After quantified matrix of decision making was provided, analyzed alternatives (tailing ponds) were evaluated using Visual PROMETHEE software. This resulted with a rank order of alternatives. Multi-criteria ranking method PROMETHEE introduces qualities of positive, negative and net flow [29] . The results obtained from positive, negative and net flow are presented in Table 11 . 
Discussion
In recent years, as a part of the numerous activities of MMCC "Trepča", five tailing ponds were formed in this area, receiving a significant amount of disposed material from the category of pollutants that are potentially dangerous to the surrounding ecosystem. The tailing ponds are unsuitably placed and the current lack of maintenance in addition to the disposed materials can permanently endanger the living environment. At the same time, these ponds represent a potential danger which can reach the category of ecological disasters.
Numerous activities of the local population are taking place in relatively close proximity to these tailing ponds, despite the very precarious situation. Often, the local population has created facilities and taken part in activities, which are not safe so close to tailing ponds. For example, at about 50 m from some landfills there are wells used for irrigation and water supply, while some fields and streams are also only 50 m away from some landfills. Generally, all of the five treated tailings were formed in places that can have harmful effects on the surrounding ecosystem. The situation described here was meant to conduct an analysis and ranking of the tailings by the degree of potential danger to the living environment.
The ranking of the analyzed alternatives is given in Figures 3-5 using the PROMETHEE method.
axis) suggests the alternative A3 tailing Žitkovac has the least favourable impact on the surrounding ecosystem. With implementation of estimation by using the AHP and PROMETHEE methods, with the aim of ranking the impact on the environment, the ranks are obtained according to their negative impact (Table 12 ). The comparative analysis of the negative impact on the surrounding ecosystem shows that the least favorable tailing pond is A3 Žitkovac, and that the least negative impact has the alternative A1 Žarkov Potok. Three remaining tailings have the following order of unfavorable impact on the environment: A4 Tvrđanski Do, A5 Bostanište and A2 Gornje Polje It should be noted that other methods of multi-criteria analysis (VIKOR, TOPSIS, ELECTRE) also should be used to verify the results and the final decision.
Finally, it should be emphasized that the legal regulations relevant for MMCC "Trepča" in terms of environmental protection can be classified into three levels: (1) In Figure 3 , the final ranking of analyzed tailing ponds is given. This figure is based on net flow Phi. The upper half of the given scale (colored in green) represents positive Phi value, and the lower half (red) represents negative Phi value. Alternative A3 (Žitkovac) is at the top of the analyzed alternatives, preceding A4 (Tvrdanski Do), while A2 (Gornje Polje) and A5 (Bostanište) are about the same negative Phi values. At the bottom of the list is the alternative A1 (Žarkov Potok). Values of the Phi flow for these alternatives are given in Figure 3 . Figure 4 shows a diamond PROMETHEE solution. This solution shows partial PROMETHEE I and final ranking PROMETHEE II in a two-dimensional model. The PROMETHEE diamond solution is presented with the dot on (Phi+,Phi−) flat. The flat is at an angle of 45 • so that the vertical dimension (red-green axis) corresponds to Phi net flow. A cone is drawn for every alternative. Cones A2 and A5 overlap, which indicates that these two alternatives are closely congruent, while the alternative A2 has the advantage in partial ranking PROMETHEE I. The highest priority alternative is A3 (Žitkovac), and the lowest is alternative A1 (Žarkov Potok).
In Figure 5 , the GAIA plan is shown (Geometrical Analysis for Interactive Assistance), which is a descriptive addition to the PROMETHEE ranking. Every alternative is presented with a dot found on the GAIA plan. The position of these alternatives is connected with the marks of a set of criteria. Each criterion is presented with the axis from the center of the GAIA plan. The orientation of these axes shows how these criteria are interrelated. Alternative A4 and A5 are similar because they are closer to each other, whereas the other alternatives are completely dissimilar. Criteria with similar preferences are C5, C1 and C2 and C3, conflicting criteria are C9 and C4. The determination axis (red axis) suggests the alternative A3 tailing Žitkovac has the least favourable impact on the surrounding ecosystem.
With implementation of estimation by using the AHP and PROMETHEE methods, with the aim of ranking the impact on the environment, the ranks are obtained according to their negative impact (Table 12 ). The comparative analysis of the negative impact on the surrounding ecosystem shows that the least favorable tailing pond is A3 Žitkovac, and that the least negative impact has the alternative A1 Žarkov Potok. Three remaining tailings have the following order of unfavorable impact on the environment: A4 Tvrdanski Do, A5 Bostanište and A2 Gornje Polje. It should be noted that other methods of multi-criteria analysis (VIKOR, TOPSIS, ELECTRE) also should be used to verify the results and the final decision.
Finally, it should be emphasized that the legal regulations relevant for MMCC "Trepča" in terms of environmental protection can be classified into three levels: (1) 
Conclusions
This paper analyzed and ranked the impact on the surrounding ecosystem of five flotation tailings which are in the MMCC "Trepča," located to the north of Kosovo and Metohija. The analysis was conducted for the following tailings: Žarkov Potok, Gornje Polje, Žitkovac, Tvrdanski Do and Bostanište. Tailings have a very strong impact on the surrounding ecosystem, considering the chemical composition of the deposited tailings, as well as where the tailings that are not repaired are located. These tailings are a major source of pollution in these areas of natural beauty and historical significance.
The result obtained using multi-criteria analysis ranking the impact on the environment of five analyzed tailing ponds with the application of the AHP and PROMETHEE methods showed a certain reality, which is in accordance with the situation on the terrain. According to this analysis, the most problematic tailing pond is Žitkovac, and then Tvrdanski Do, Bostanište, Gornje Polje and finally Žarkov Potok. Application of the results can be used in the decision-making process for prioritizing the rehabilitation of the tailings.
The application of the method for the multi-criteria analysis of the impact of pollutants on the environment should be an integral part of the overall management system to the highest level as the enforcement of environmental protection is an interactive process. In the case of the MMCC "Trepča," the possibility of a method for multi-criteria analysis is demonstrated in the field of analysis and ranking of the influence tailing ponds have on the surrounding ecosystem.
Because of its primary purpose which is excavation and processing of mineral resources, MMCC "Trepča" should be more focused on increased concern about environmental protection. MMCC "Trepca" is required to identify and to abide legal requirements of its activity concerning environmental protection. This also applies to international laws, as well as national, regional, provincial and municipal. Where laws and regulations are not sufficient to meet the needs, MMCC "Trepča" can establish its own internal criteria.
